From the principle of virtual work it is shown that, if equilibrium stress fluctuations are described by a Langevin equation, there is only one possible extension of this equation to describe stress fluctuations in a shear flow. It is shown that the resulting equation is consistent with linear-response theory. The formalism developed may be looked upon as a method for extending differential constitutive relations to incorporate thermal fluctuations. A few simple models are discussed as illustrations. These include a model where the stress fluctuates freely below a certain limit, and a model constructed to mimic the Tobolsky-Eyring phenomeuological theory [J. Chem. Phys. 11, 125 (1942)] of viscoelastic liquids. It is concluded that these and similar models, however, do not realistically describe real polymeric liquids.
I. INTRODUCTION
Presently, the most popular models of the viscoelasticity of polymeric liquids are based on a microscopic description, where the bead coordinates are the basic degrees of freedom [1, 2] . These models are rather successful but, unfortunately, also quite complicated to solve. The present paper investigates the more phenomenological approach to take as a basic degree of freedom the quantity of main interest, the shear stress. In part, this represents a return to ideas proposed by Eyring, Tobolsky, Andrews, and Hofman-Bang many years ago [3 -5] .
Here, however, a formalism is developed which is consistent with statistical mechanics. This is done by assuming a Langevin 
II. UNIQUE COUPLING OF DEFORMATION TO STRESS FLUCTUATIONS
Here and henceforth the term "stress" refers to the shear stress o. , while the corresponding x-y shear rate is denoted by y'(t) The fluctua. tion-dissipation theorem [2] allows a calculation of the frequency-dependent viscosity q(co) in terms of equilibrium stress fluctuations. The theorem states that the stress relaxation modulus G ( t ), which is characterized by is given by (s(0)s(t) )&& G(t)=P V (2) Here, a sample of volume V is considered, s is the "total" stress (i.e. , cr"=s/V), and 13=1/k Te. The subscript zero on the right-hand side of Eq. (2) is introduced to remind one that the autocorrelation function refers to fIuctuations in thermal equilibrium.
If R, is the coordinate vector of the ith bead and F; is the force on the ith bead, the quantity s is given [2] by s= -gR; "F; (3) [Note that the relaxation modulus of Eq. (2) has a welldefined limit for V -+ac: this is the usual macroscopic shear-stress relaxation modulus. ] From now on the following simple model is adopted. The liquid is regarded as divided into regions whose stresses fluctuate independently.
A discussion of this rather severe approximation is postponed to Sec. IV. There is just one relevant degree of freedom in the model, the quantity s of Eq. (3) , where the sum is now restricted to one region. The quantity s has dimension energy, but will still be referred to as the "stress. " It is convenient also to redefine "viscosity" by absorbing the region volume, so that viscosity is from now on simply (s ) /j.
With these definitions Eqs. (1) and (2) become (4) (s(t) &, =P f "&s(0)s(~)), y(t -r)«.
According to statistical mechanics, the probability of an s ri(ro)=P f (s(0)s(t) )Oe ' 'dt .
We remind the reader that Eq. (4) (6) free energy A is defined [2] by dsP s F s +kgTln P s (14) y(r) =5y5(r),
The principle of virtual work [2, 8] (g(r)g(r') ) =2pk~T5(r r') . - (1) and (2) 
J(S) -e (1/2)aPs
The Smoluchowski equation (13) 
The fact that F(s) is nonanalytical at s =0 is insignificant. The case n =2 is the Gaussian model and the n -+~lim-it is the box model.
The power-law model makes sense only for n )-, '. To prove this, the low-temperature limit is considered. For P~~, J(s) may be evaluated asymptotically from Eq. 
